
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



of tbe 

Tnniverditi? of Mieconein 




Google 



University of Wisconsin Library 
Uanusorlpt Theses 



Unpublished theses submitted for the Master •s and 
Doctor •s degrees and deposited in the University of Wis- 
consin Library are open for inspection, but are to be used 
only with due regard to the rights of the authors. Biblio- 
graphical references may be noted, but passages may be copied 
only with the permission of the authors, and proper credit 
must be given in subsequent written or published work. Ex- 
tensive copying or publication of the thesis in whole or in 
part requires also the consent of the Dean of the Graduate 
School of the University of Wisconsin. 



This thesis by 

has been used by the following persons, whose signatures 
attest their acceptance of the above restrictions. 

A Library which borrows this thesis for use by its 
patrons is expected to secure the signature of each user. 



NAMB AND ADDRBS3 DATB 



Digitized by 



Google 



Digitized by 



Google 



/M3-U--^ 



Digitized by 



Google 



Digitized by 



Google 



A STOm OF THE UTILIZATION OF PERTOSAMS 
BY CERTAIN ANIMALS 

WILLIAM ABBOTT BSANNON 



A Tli«tl8 Sitlmlttod f«r tlia D«gye« •t 
MASTER OF ARTS 



1909 

Digitized by LnOOQ IC 



Digitized by 



Google 



399141 

OCT i:il933 
.•37356 



A STUrY OF THE UTILIZATION OF PENTOSAMS 
BY CERTAIN ANIMALS. 



Digitized by 



Google 



Google 



Digitized by ' 



The pentoBans, on account of their carhohydrate . 
nature and the large percent of the nitrogen free extract 
which they make up In roughage feeding stuffs have for 
some time been the subject of Investigations » notably by 
Tollens and Flinty Salkowskl^ Neuberg and Wohlgemuth abroad^ 
and In this country by Llndsey, Stone and Fraps« Investi- 
gations seem to have shown that these sugars , or anhydrides 
as they occur naturally^ are of nutritive value to herbiv- 
orous animals* 

Salkowskl (1) In six of seven experiments with rabbits 
when feeding 1-arablnose was able to demonstrate a glycogen 
formation In the liver of from 0«595~ 2«06 grams* This 
glycogen was the usual one, and not, as he had expected, a 
glycogen with five carbon atoms. It also showed no trace of 
pentose sugars by spectrum analysis* 

These results are substantiated by Oremers (2) who 
found that 1-arablnose, xylose and the methyl pentoses when 
fed to rabbits and hens had a positive Influence on glycogen 
formation* These results have however been questioned by 
PretiEel; (2) who freed a rabbit's liver of glycogen by 
strychnine poisoning at the beginning of his experiments* 
His observations led him to conclude that xylose did not 
cause glycogen formation In rabbits, either directly or 
Indirectly* 
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The posalMllty that the oonflguratlon of the pentose 
sugar fed might have an Influence on Its avallatlllty to 
animal organism was Investigated by Neuherg and Wohlgemuth (5) 
The three optical Isomers of arablnose were fed separately 
to the same animal , except when the animal was killed to 
Investigate the glycogen content of Its liver. According 
to the data obtained there was considerable difference In the 
degree to which they were utilized. Of 1-arablnose, when 
fed directly (per os) 86.6^ was utilized; of ^---arablnose 
68«8^} and of racemlc arablnose 71.5^« Injected suboutan- 
eously 92.9^ of l«»arablnose appeared to be utilized; 6A% 
of d-arabinose^ and 68.3^ of r-arablnose« On direct Injec- 
tion Into the circulation through the ear-vein 1-arablnose 
was utilized to 71.7^^ d-arablnose to 69^^ and r-arablnose 
to 71^. The lower utilization of 1-arablnose In the last 
case was attributed to Its escaping the action of the 
dlgestlv* Juices by this method of administration. By 
utilization Is meant the percent of pentoses found In the 
animal *s urine subtracted from 100. The same relative 
digestibility seemed to hold also for the three arablte 
alcohols. In feeding r-arablnose a part of It was In all 
cases decomposed Into 1- and d-arablnose^ the laevo-form . 
on account of Its apparently easier destructablllty^ appear- 
ing In less amounts In the urine than the d-arablnose. 
Since the ferments ^ especially zymase^ appear to be without 
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action on r-^Dlnose^ It would seem that the physlologloal 
activities of the body were able to affect this pentose to 
a renarkable extent* Only traces of glycogen formation 
were found 6n feeding d- and r-arablnose^ whereas consider- 
able quantities were found when 1-arablnose was fed* 

It would seem from Slotasoff *8 experiments (4) that the 
pentosans do not need to be hydrolysed in order to enter 
the circulation from the digestive ^tract* Slotzoff^s ex-- 
perlment consisted in feeding pure xylan^ obtained by 
Salkowskl*s method (4), to rabbits, and an estimation of the 
pentosans in feces and urine to obtain a factor of digesti- 
bility. He obtained an average ^factor of 65«78^« On in- 
vestigations of the organs and tissues of the animal, he 
found xylan in the liver and muscles « From extracts made 
from the muscles he was twice able to obtain a typical 
copper-xylan precipitate, -indicating that this pentosan had 
hot undergone hydrolysis in the digestive tract. In the 
urine Slotzoff found from 1*49 to 4*63 % of xylan, and as 
he could produce no osazone from it, concluded that it 
appeared in the urine as soluble xylan. 

In this experiment from sixteen trials Slotzoff was not 
once able to find any action on xylan by ptyalin, or pan- 
creatic juice. Oastrlc Juice acted greulually on xylan, but 
as the same action was demonstrable in a control experiment 
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whore the Juice had been previously heated, this gradual 
solubility In gastric Juice seemed to he due entirely to 
the HOI present • 

0«25-6 grams of xylan kept In a putrlfylng medium com- 
posed of 100 grams of finely chopped meat, one liter of 
tap-water, and ten cubic centimeters of saturated sodium 
carbonate, showed a pentosan reaction even after six to 
seven days, and this reaction did not dlssappear until the 
ninth day. As food would not ordinarily remain In the di- 
gestive tract nearly so long as this, Slotzoff concluded 
that putrlfactlon processes would not account for the 
disappearance of 56«78^ of the xylan fed to the rabbit* 

The pentoses are much more readily attacked by putrl-- 
f active bacteria than the pentosans. This appears from 
Salkowskl^s experiments (5) with 1-arablnose and xylose. 
On subjecting these sugars to the same putrlf active medium 
as that used by Slotzoff, he found the pentose reaction 
disappearing after four days. 

Researches on the decomposition products of these 
sugars after undergoing this fermentation showed the presence 
of fatty acids, acetic acid In considerable amounts, and 
also succinic acid. In two experiments Salkowskl was ab]» 
to demonstrate alcohol as a decomposition product of 1- 
arablnose, whereas xylose gave no more alcohol on dlstllla- 
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tlon than the oontrol exporimont* As three other experiments 
with l«aral>ino8e failed to give any alcohol this alcohol 
production was left uncertain. Salkowski concluded that 
l-arahinose will undergo alcoholic fermentation with certain 
organisms. As regards xylose he was unable to say^ since 
his negative results with this sugar might have heen due 
to the absence of the proper bacterial flora • 

An experiment by Bendix (6) on xylose , arabinose^ and 
Bhanwose for fermentation products where bacteria from 
animal feces were used^ showed the bacteria to be active 
when the mixture contained pancreas-powder^ ovary^-powder^ 
or peptone. According to his results fermentation pro*^ 
ceeded easiest with xylose, less easily with Rhertinose, 
and poorest with arabinose. The products of feziaentation 
were: volatile fatty acids, alcohol, and lactic acids. The 
gases produced were carbon dioxide and oxygen. 

A few e3Q)eriments have been carried out where the 
pentosans fed were not pure substances, but a mixture of 
pentosans as they occured naturally in the feeding stuffs 
used. Stone (6) carried on a digestibility experiment with 
rabbits in which he fed a mixture of wheat bran and com 
meal. One rabbit digested 68.93^ of the pentosans in the 
feed given, the other 62.40^. In a second experiment (6) 
in whi6h only wheat bran was fed, the digestion amounted 
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to only S8«31^ of the pentosan content of the feed. 

Stone (6) also determined the relation of the pento- 
sans to the nitrogen free extract of the feed and of the 
feces. He found that the proportion in the feces was much 
higher than in the feed^ showing that the pentosans are 
less attacked than the other constituents of the nitrogen 
free extract* When wheat "bran alone was fed^ and the 
protein content of the feed increased over a ration of 
wheat hran and com meal^ the digestil)llity of pentosans 
decreased from 60 to 40 per cent. 

A similar e3g;>eriment hy Stone and Jones (2) of feeding 
pentosans in raw feeds to sheep showed a digesti'bility 
varying from 44 to 71 percent. In this case Stone's method 
for pentosan estimation was useds that is^ furfurol dis- 
tilled was titrated with phenylhydraxin, Fehling*s solution 
'being used as an indicator. 

Weiske (2) also experimented along this line. The 
rations he used consisted of wheat straw and oats^ and 
the animals used were wethers. Be found wheat straw, 
moisture free, to contain 27.64^ pentosans, and oats 
15.55^ hy the Tollens and Flint method which is a precipi- 
tation of the furfural with phenylhydrazin. His animals 
digested from 62.2 to 66.8 per cent of the pentosans 
present. 

Weiske also found that it seemed to make no difference 
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In the digestibility of the pentosans whether the animal 

drank before or after consuming Its feed. 

In a second experiment (2) Welske fed two rabbits 80 

grams of oats per day. A variation was tried In that the 

feed was dried at 100 degrees centigrade for some time In 

one period of the experiment. The rabbits appeared to 

digest a small amount more of the pentosans when the feed 

was dry than when It was only air-dry. Be obtained In 

this e3Q>erlment an average digestibility of 53.81^. Prcmi 

his data he concluded that the pentosans of wheat straw 

are somewhat more digestible than are those of oats. 

of 
In the United States, besides the work, Stone, Llndsey 

of the MassaiAiusetts B^erlment station has studied on the 
digestibility of various feeds and the grasses. Fre^s (3) 
of the : Io£th. r^. Oarolina'. Escperlment station has also done 
considerable work on the furfural distillation products, 
and the pentosans as they occur naturally. 

The literature on pentosans does not show, however, 
any wozic to have been done on pentosan digestibility by 
cattle. As among the herblvora, cattle are among the 
largest consiraers of pentosans, and since various factors 
such as structure of the digestive tract and possible var- 
iation in the bacterial flora characteristic of d&fferent 
species would probably have an important bearing on this 
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aubjeot it has seemed worth while to carry on a dlgestl- 
hility experiment of this kind iriLth cattle. 

An experiment has been in progress at the Wisconsin 
Experiment station for some time, in which calves have heen 
fed on rations derived entirely fr<»i a single plant source. 
One lot received a ration consisting of com meal, com 
gluten feed, and com stover; another a ration consisting 
of ground wheat, wheat gluten, and wheat straw; and a third 
a ration made of rolled oats and oat straw. Since these 
animals had been long accustomed to a particular class of 
foods it was thought to offer an excellent opportunity to 
study the degree of utilization of the pentosans supplied 
by the above mentioned plants. 

Quantitative collections of the feces and urine of the 
animals were made for 24 hour, periods continuously for seven 
days. The excreta were weighed and sampled carefully and 
samples preserved for analyftlss. A five pound sample of the 
feces was dried at 66 degrees centigrade, in a current of 
air, the sample being spread out in a thin layer. After 
dryingythe samples were placed in paper sacks and preserved 
until they had acquired an air-dry moisture content^ Mien 
all samples were weighed at the same time and further 
sampled and ground for analysis. The urine was preserved 
with <flilorofoxm and toluol in sealed mason jars. 

Pentoses were estimated according to the official 
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methods a distillation with IB^ hydroohlorlc acid, and 
precipitation of the resulting furfural hy phloroglucln 
solution. The precipitate was allowed to collect and 
settle over night , then filtered Into a weighed goooh 
crucible^ washed with 150 60 « of water, dried four to six 
hours 9 and weighed* Pentoses were calculated from the forai- 
ulas given In the official methods. The feces were analysed 
In the same way fdr pentoses • The amount of pentoses present 
In the urine was found to he so small that It could he left 
out of account • See tahle 1. 

Tahles showing the content of Furfurol yielding suh-- 
stances In the calves* urine, calculated as pentoses. 

TABLE I. 



Date 


Plant supply- 
ing ration 


Mo. 

of 
Calf 


Vol, of 

day*s 
Urine 


Pentose 
content of 
urine (gas) 


Pel). 14« 


1909 


fOat 
Mixture IVheat 
loom 


666 


4907 00. 


1.1237 


Feb. 16, 


1909 


roat 

]fixture< Iheat 
loom 


663 


4809 00. 


1.2896 


Feb. 1, 


1909 


Oat 


667 


4664 00. 


1.7871 


Feb. 1, 


1909 


Oat 


669 


6P9».cp. 


2.4486 


Jan. 21, 


1909 


Com 


672 


2660 00. 


0.8222 


Jan. 21, 


1909 


Oom 


668 


3219 GO. 


1.2647 


Jan. 10, 


1909 


Wheat 


666 


2848 00. 


1.2106 


Jan. 10, 


1909 


fheat 


671 


2627 00. 


0.9080 
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TABLE I (oon) 



Date 


Plant supply- 
ing ration 


No. 

of 

Oalf 


Vol. of 
day*8 
Urine 


PRitose 
content of 
urine (^ns) 


Mar. 18, 1908 


Com 


672 


3016 cc. 


1.5069 


Mar. 20, 1908 


Oat 


569 


2979 CO. 


1.8291 


Mar. 16» 1908 


Wheat 


666 


6752 CO. 


5.2400 



This small content of pentoses in the urine of her- 
'bivorous animals has teen already found to "be true "by Weiske 
and Lfndsey, and argues for an actual utilization of pentosans 
by then. 8&aoe substances other than pentoses, especially 
glyouronic acid, noxmally found in urine, yield furfurol on 
distillation, it is questionable whether any pentoses were 
present in these urines. 

Methyl pentosans were also estimates by Tollen's and 
Ellett*s method which is a repeated extraction of the 
phloroglucid precipitate with 96^ alcohol at 66 degrees cen- 
tigrade, until the color of the alcohol shows that no more 
methyl-furfural-phlorogucid, which substance is soluble in 
96^ alcohol, is being dissolved out of the precipitate. 
Tollens and Ellett have shown that this extraction effects 
a nearly complete separation where small amounts of substance 
have been used in the original precipitation. Their formula 
for calculation of Rhamnose Ist Rhamnose ■ Ph 1.66 - 
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Ph^ 1*84 4* .01, in iihi(fli Ph is the veight of methyl-furfural 

phloroglaoid found to be soluble in 9G% alcohol. This 

wei^t is arrived at by drying the extracted precipitate, 

reweighlAg, and subtracting fraa the veight first obtained 

for the total precipitate, 

Disi^pearanoe of the Pentosans of the Oom Plant 
from the Digestive Tract of the Oow, 

The disappearance of the pentosans contained in the com 

ration were first studied. 

Table showing the rations used. 

TABLE II 



^ 1 

Ration 


Percent of 
Pentoses (air 
dry) 


Weight of Pen- 
toses (grams) 
Mositure free 


8 lbs. oom meal 

7 lbs. oom stover 

2 lbs. gluten feed (com) 


12,02^ 
28.86^ 
18.62^ 


272,61 
916.57 
168.04 








1S67,02 total 



Since the fourteen pounds of feed were entirely con- 
sumed the animals obtained dally 1587 •OS grams of pentoses 
calculated on a moisture free basis* This amount represents 
total pentoses and Includes methyl pentoses • A separate 
estimation of the dlssappearance of methyl pentoses calcu- 
lated as Rhamnose was made later* 
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Table showing the disappearance of pentoses of tti9 
com ration for the com fed calf for the year 1908. 

TABLE III 



Bate 



Feh. 14 

Feb. 15 

Feb. 16 

Feb. 17 

Feb. 18 

Feb. 19 

Feb. 20 

Feb. 21 



ABt. 

feed 

given 

per 

day 

(lbs) 



l<i 
14 
14 
14 
14 
14 
14 
14 



Contain- 
ed of pen- 
toses calo. 
on mois- 
ture free 
basis (gpis) 



1867.02 
1367.02 
1387.02 
1357.02 
1357.02 
1367.02 
1357.02 
1387.02 



Weight 

feces 
per day 
calc^to 
moisture 
free bas- 
is (gms) 



Pento- 
ses In 
dry 
feces 
(gms) 



817.7 
1687.4 
1999.2 
1666.8 
1767.1 
1948.8 
1899.2 
1893.1 



% Pen- 
toses 
disap- 
pearing 
from di- 
gestive 
tract 



189.6 
401.3 
522.4 
552.8 
440.6 
490.9 
378.1 
396.6 



86.03 
70.46 
61.60 
74.00 
67.65 
63.83 
72.14 
70.85 



Average 



70.79 



The disappearance of the pentoses was obtained by sub- 
tracting the percentages found to be not utilized from 100^ 
As before mentioned no account was taken of the pentoses 
In the urine as they did not exceed 0.2^ on the average 
and could be safely disregarded. In order to substantiate 
this work further to see if a longer period of feeding 
would influence th* disappearance of pentoses, the work was 
repeated on the same animal one year later, January 1909. 
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13 
Tal>le showing disappearance of pentosans of com plant 
In the esqperlment of the year 1909* 

TABLE IV 
All analyses oaloulated as pentoses. 



Date 


Intake 
(gns per 

dayl 
Pentoses 


Weight 
of feces 
(air dry) 
gns. 


% Total 
Pentoses 
in feces. 


Weight 
Pentoses 
in feces 


% dis- 
appeared 
from di- 
gestive 
tract 


Jan. 18 
Jan. 19 
Jan. 20 
Jan. 21 
Jan. 22 
Jan. 23 
Jan. 24 


16S0.4 
ft660.4 
1660.4 
1660.4 
1680.4 
1660.4 
1660.4 


2086.0 
2328.8 
2097.9 
2042.0 
1899.6 
2068.2 
2062.0 


18.13 
22.36 
22.32 
22.10 
24.44 
22.68 
22.36 


378.01 

620.6 

468.2 

461.2 

464.1 

466.7 

461.0 


76.62 
66.43 
69.81 
70.90 
70.07 
69.90 
70.27 










Average % 70.43 



Results are not calculated to moisture free basis in 
this table. The percentage of disappearance of pentoses in 
1908 and 1909 is almost the same. Account was also taken 
of the methyl pentoses calculated to Hhamnose and a sep- 
arate table constructed to show the percent to which they 
disappeared from the digestive tract. On account of lack 
of time only three analyses were made on the air-dry feeds 
and feces. 
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Disappearance of Rhamnose of the com plant in 
Esqperiment of the year 1908. 

TABLE V 



Date 


Amt. of 
feed per 
day 


Amt. of 
feces, 
(air dry) 

(0DBS) 


Rhamnose 
in air 
dry feed 
(gms) 


% Rham- 
noses in 
feces 
(gns) 


% dis- 
appeared 
from dig- 
estive 
tract. 


Feb. 14 
Feb. 20 
Pet). 21 


14: lbs 
14 lbs 
14 lbs 


2833.4 
2667.6 
2732.6 


216.5 
216.5 
216.6 


4.31J5 
3.08J{ 
3.08^ 


45.96J5 
61,17^ 
62.00^ 










Average 56.37^ 



Table showing disappearance of Rhamnose of the com 
plant from digestive tract of the cow in experiment of the 
year 1909. 

TABLE VI 



Date 



Amt. of 
feed per 
day 



Amt. of 
feces* 
(air dry) 

(ffBS) 



Rhamnose 
in air 
dry feed 

(0DB8) 



: Rham- 
noses in 
feces 
(gms) 



% dis- 
appeared 
from dig- 
estive 
tract. 



Jan. 18 
Jan. 19 
Jan. 20 
Jan. 21 
Jan. 22 
Jan. 23 
Jan. 24 



16 lbs 
16 lbs 
16 lbs 
16 lbs 
16 lbs 
16 lbs 
16 lbs 



2985.0 
2328.8 
2097.9 
2042.0 
1899.5 
2068.2 
2062.0 



247.4 
247.4 
247.4 
247.4 
247.4 
247.4 
247.4 



56.08 
56.63 
67.90 
75.14 
30.44 
43.01 
57,32 



77.32 
77,61 
76.60 
69.63 
87.62 
82,62 
76,83 



Average 



L-'iyiuz.cu uy V^ITv^ 



78,30 
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Dlssflqppearance of the Pentosans of the IVheat 
Plant fron the Digestive Tract of the Oow, 

Table tiiowlng rations usedi 

TABLE VII 



Ration 


Percent of 
Pentoses 


Weight of Pen- 
toses (grams) 
(moisture free) 


7 lbs. vheat straw 
6,7 lbs. whole wheat 
O.S lbs. Wheat gluten 


23.09^ 

11.73J5 

1,S3J{ 


733.24 

566.62 

18.06 






1107.82 total 



1107.8 grams pentoses calculated on moisture free 
basis were consumed by the liheat-fed calf daily. 

Table showing disappearance of pentoses of nheat ration 
from the digestive tract of calf, year 1908. 

TABLE VIII 



T 



I 



I 



T 



1 



of pentoses than was' found for 1908.) 
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Table showing the disappearance of pentosans from the 
digestive tract of cow in the experiment of the year 190 9 « 

TABLE IX 
All analyses calculated as pentoses. 



Date 


Intake 
Pentoses 
(g|is per 
day) 
(air dry) 


Weight 
of feces 
(air dry) 
gms per 
day. 


% total 
Pentoses 
In air 
dry fec- 
es. 


Wt. of 
Pentoses 
in feces 

(gBS) 


Pentoses 
disappear- 
ing from 
digestive 
tract, (^) 


Jan. 10 
Jan. 11 
Jan. 12 
Jan. 13 
Jan. 14 


1261.6 

• 

1261,6 
1261.6 
1261.6 
1261.6 


2700.8 
2783.0 
2364.7 
2992.8 
2612.6 


26.42 
24.64 
25.99 
26.26 
26.04 


686.8 
682.9 
614.6 
766.0 
629,0 


48.19 
46.44 

50.90 
39.60 
49.76 










Average 46.18 



Table showing disappearance of Rhamnose in the experiment 
of the year 1|K)8 (Hheat rations) 

TABLE X 



Date 


Amt. of 
feed per 
day. 


Amt. of 
feces 
(air dry) 
(gms) 


Rhamnose 
In air 
dry feed 
(gas) 


Rhamnose 
In feces 
(air dry) 

(ffBS) 


Disappear- 
ance of 
Rhamnose 
from diges- 
tive tract. 


Feb. 24 
Feb. 26 
Feb. 29 


14 lbs 
14 lbs. 
14 lbs 


2887.0 
2743,3 
2858,8 


207 

207 
207 


31.99 
44.99 
44.88 


60.39^ 
78.27JC 
78.32JS 






- 




Average 72,33^ 



• (The analysis for the year 1909 shows less disappearance 
of pentoses than vas found for 1908. ) 
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17 
Table showing disappearance of Rhamnose of lAieat 
rations in the experiment of the year 1909. 

TABLE XI 



Date 


Amt. of 
feed per 
day. 


Amt. of 
feces 
(air dry) 
(ffas) 


Rhamnose 
in air 
dry feed 
(©as) 


Rhamnose 
in feces 
(air dry) 
i&tia) 


Disappear- 
ance of 
Rhamnose 
from diges- 
tive tract. 


Jan. 11 
Jan. 12 
Jan. 13 
Jan. 14 


16 lbs 
16 lbs 
161 lbs 
16 lbs 


8783.0 
2364.7 
2992.8 
2512.5 


238.7 
238.7 
238.7 
238.7 


0.0 

0.0 

93.37 

75.87 


100.0^ 
100.0^ 
60.81^ 
68.13^ 










Ayerage 82.23^ 1 



Disappearance of the Pentosans of the Oat Plant 
from the Digestive tract of the Oow. 

Table showing oat rations used: 

TABLE XII 



Ration 


Per cent of 
Pentoses 


Weij^t of Pen- 
toses (grams) 
(moisture free) 


7 lbs. oat straw 
7 lbs. oat meal 


27.99 
7.07 


879.9 
203.9 






1083.8 total 
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Ta'ble Showing disappearance of total pentoses of Oat 
ration in the experiment of the year 1908. 

TABLE XIII 



Date 


Amt. 

feed 

given 

per 

day 

(IDs) 


Contain- 
ed of pen- 
toses calc 
on mois- 
ture free 
basis (gms) 


Weight 

feces 
per day 
calc, to 
moisture 
free t>as' 
is (gms) 


Pento- 
ses in 
dry 
feces 
(gas) 

1 


Disappear- 
ance of 
Pentoses 
from dig- 
estive 
tract. 


Mar. 


2 


^^ 


1083.8 


1876.7 


423.6 


60.91 


Mar. 


S 


14 


108S.8 


2691.9 


686.6 


46.96 


Mar. 


4 


14 


1083.8 


2240.3 


608.6 


63.07 


Mar. 


6 


14 


1083.8 


2266.7 


629.9- 


61.11 


Mar. 


6 


14 


1083.8 


2391.6 


633.3 


60.79 


Mar. 


7 


14 


1083.8 


2084.7 


464.9 


68.02 


Mar. 


8 


14 


1083.8 


1931.0 


463.4 


67,24 












Average 


63.87 



Table showing disappearance of total pentoses of Oat 
ration in the experiment of the year 190 9 ♦ — 
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Talale dtiowlng disappearance of Rhamnose of Oat ration 
In the esqperlment of the year 1908. 

TABLE XV 



Date 


Amt. of 
feed per 
day. 


Amt. of 
feces 
(air dry) 

(0B8) 


Rhamnose 
In air 
dry feed 
(gns) 


Rhamnose 
In feces 
(air dry) 

(ffBS) 


Disappear- 
ance of 
Rhamnose 
from diges- 
tive tract. 


Mar. 2 
Mar. S 
Mar. 6 
Mar. 7 


14 lbs 
14 lbs 
14 lbs 
14 lbs 


8468.9 
3435. 4 
3288.7 
2872.9 


147.3 
147.3 
147.3 
147.3 


67.66 
87.01 
62.10 
62.23 


60.88 
61.29 
67.84 
67.28 










Average 89.31 



Table showing dlsappearanoe of Rhamnose of Oat ration 
In the experiment of the year 1909* 

TABLE XVI 





Date 


Amt. of 
feed per 
day. 


Amt. of 
feoes 
(air dry) 
(gjBa) 


Rhamnose 
In air 
dry feed 
(gitts) 


Rhamnose 
In feoes 
(air dry) 
(0na) 


Dlssappear- 
anoe of 
Rhamnose 
from diges- 
tive tract. 




Jan. 26 
Jan. 27 
Jan. 28 
Jan. 29 
Jan. SO , 


14 lbs 
14 lbs 
14 lbs 
14 lbs 
14 lbs 


2497.1 
1907.6 
2687.9 
2197.3 
2017.0 


162.18 
162.18 
162.18 
162.18 
162.18 


86.08 
44.43 

66.42 
64.09 
48.66 


43.1^ 

70.81JS 

67.00^ 

64.46^ 

70.00JC 








Average 


61.98^ 


1 
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As far as could be ascertained no estimate of the 
disappearance of pentosans fron digestive tract of pigs 
had heen made. An experiment of this kind was accordin^y 
carried out with two pigs* The two pigs used in this 
eiq;>eriment weighed about 100 pounds each. They had been 
used in another e^eriment in which their phosphorous 
metabolism was studied and the rations differed in one 
respect, viz* in the amount of phosphorous they contained* 
The pig designated as Ho* 1 is the same as that designated 
as *Basal Pig* in the report of the above experiment • 
(See American Journal of Fhysfology, Vol. XXIII p. fffX, 
1909 edition) The fhosphorous content of its ration had 
been maintained at a very low level during a period of 
four months after weaning and as a result the animal was 
in a debilitated condition^ Whether the higher degree of 
disappearance of pentosans in this e:g[>eriment is to be 
attributed to a longer retention of the food residues by 
the animal cannot be decided with certainty. 

Pid lo. 12 was one of the lot designated ^floats lot* 
#509 in the experiment above referred to. It was a vigor- 
ous pig, receiving its supply of phosphorous mainly from 
•floats* or ground rock phosphate. 

A number of analyses made on the urine of these pigs 
makes it again apparent that the anount of pentoses appear- 
ing in the urine constitutes an insignificant factor. 
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Table showing farfurol yielding substances in urine 
of pigs. 



(Calculated as Pentoses) 



RO. of Pig. 


Date 


Volv of Urine 


Wt. of Pentoses 
in day* 8 urine. 


Pig II 


Feb. 


11 


796 cc. 


1.0089 gms. 


Pig II 


Feb. 


12 


1199 cc. 


3.9768 gms. 


Pig II 


Feb. 


13 

3 


679 oc. 


2.3473 gms. 


Pig I 


Uar. 


1009 cc. 


0.1706 gms. 


Pig I 


Uar. 


6 


1009 cc. 


0.3370 gms. 


Pig I 


Mar. 


6 


1019 cc. 


0.1946 gms. 


Pig I 


Mar. 


8 


1100 cc. 


0.2739 0ns. 
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In this oase methyl furfural phlorogucld soluble If 
alcohol was subtracted from the total phloroglucld 
olpltate and the disappearance of the classes of pi 
sugars separately estimated. 

Ration fed to Pig NOe I and Pig No* II. 

TABLE XVII 



Ration 
(0B8) (air dry) 


% Pen- 
toses 


Wt .Pen- 
toses 
(air dry) 
(gias) 


tham- 
nose 


W' 

n 


Rice 861 
Washed Wheat 
Wheat Gluten 


Bran 455.6 
115.4 


1.02 

43.59 

0.73 


8.78 

196.82 

0.83 


1.63 
2.60 
2.11 


j 


Totals 














Tal)le| 
from digea 




Date 
Year 
1908 


a 
i 


1 




Fel). 5 




! 




Feb. 6 


1 












Peh, 7 














Feh. 8 














Feb. 9 


1 












Feb. 10 


1 












Feb. 11 




• 










Feb. 12 














Feb. IS 




i« 






ni. 


-ii + i-7/^/H kv# V 
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24 
appearing from the digestive tracts of rabbits. 

The work of Omelianskl (Gentrabl f • Bateriologle^ 
2 abt« bd« 8 1902 S 198 ^ and other papers In the same 
volume) has demonstrated that certain organisms from the 
digestive tract of herbivore (horse) cause the solution 
and disappearance of the most resistant celluloses in 
large quantities in artificial cultures* As is well known 
putrifactive processes are ordinarily far outweighed by 
fermentative processes in the digestive tract of this 
class of animals* It is to be expected that bacteria 
capable of utilising cellulose or pentosans would not 
flourish in a medium consisting largely of meat^ In irtiioh 
putrifactive products would accumulate in large quantities • 
Salkowski^s experiment certainly does not represent the 
conditions existing in the digestive tract of a herbivorous 
animal • 

In order to see What effect^ if any^ would be produced 
on the pentosan content by growing the bacteria found in 
the feces of cows with com fodder^ oat and Wheat straw 
respectively in anaerobic culture the experiment of Qmel-* 
lanski has been repeated in the following manner t One 
gram of finely ground fodder or straw was weighed into an 
erlenseyer flask • To this flask was then added 75 cc« of 
an Infusion of fresh feces prepared by agitating 10 ffSiS. 
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of the latter with 160 cc« of Qmellanaki^s notflent salt 
solution. After allowing the solid particles to settle the 
solution was decanted through muslin. Some pentoses were 
doubtless added with the solution^ but the amount was not 
ascertained. The erleoaeyers were then connected in series 
by means of glass tubing passing through rubber stoppers 
and carbon dioxide passed through the series for one hour« 
A trap of mercury penaitted the escape of gases formed by 
fermentation. The flasks were then incubated for fourteen 
days after which a furfural distillation was carried out 
on the contents of each flask. The results are given in 
the following table. 

TABLE XX 



Material used 


Original 


After 14 


Percent Pentoses 




1 gram. 


content 
of 1 0a.in 
Pentoses. 


days Incu- 
bation with 
bacteria 
from calf 


disappearing. 








feces. 




!• 


Com fodder 


0.9924 9B. 


0.1430 m* 


14.891 

\UMA at; 


;«• 


Com fodder 


0.89S4 0a. 


0.1406 0ft. 


18.15J 


s. 


Wheat straw 


0*2309 gm. 


0.1666 gm* 


6.54] 

>6.49 av. 


4. 


Wheat straw 


0.2309 gm. 


0.1666 gift. 


6.43J 


6. 


Oat straw 


0.e79ft gm. 


0.184§ gp. 


9.60 


'8.68 •▼. 


6. 


Oat straw 


0.21!99 gm. 


0.2033 gm. 


■ TB.Wj 
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From these data It appears that micro-organisms present 
In the digestive tract of these cows will account In part 
for the disappearance of pentoses* By referring to the 
percentages of pentoses found to disappear from the dig- 
estive tract of these cows the following facts are evident t 
In the case of the corn-fed animal where there was an 
average disappearance of 70*61 percent we get a loss of 
pentoses from com fodder through the agency of hacterla 
of 15*04 percent* In the case of the oat--fed animal 
54«70 percent^ and a loss from oat straw In artificial 
culture of bacteria from the digestive tract of 8*58 percent 
With the wheat-fed one, 50*87 percent average disappearance 
from the digestive tract, and a loss from the bacterial 
culture of 6*49 percent* Apparently there Is a significant 
harmony In these results* The pentose, bodllis of com fodder 
are quite evidently more attracted by the bacteria than 
those of the oat straw, and these again more open to attadk 
than those of wheat straw* Whether this difference Is 
due to a distinctive set of organisms present In the dig- 
estive tract of each animal, or to a difference In the 
bacterial action cannot be decided from these data* 

As a brief summary of these investigations the follow- 
ing facts may be pointed out* 

1 Oattle will digest or cause to disappear from a 
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com Plant rations 70^79 4 70^43 • 70 #61 percent of the 

2 
pentose l>odle8 present) from an oat plant ration 

63^87 4> SB. 52 « 54^70 percent of the pentose bodies and 

2 
from a wheat plant ration BB.B6 4" 46.18 « 50*87 percent 

2 
2. The pentoses furnished hy an oat plant disappear 

In less amount from a cow*s digestive tract than those of 

the com plant; those of the wheat plant In less amount 

than those of the oat plant* 

3* Pigs will cause a disappearance of pentose bodies 
from fAieat bran of from 63 to 68 percent* 

4* The methyl pentoses seem to disappear In both pig 
and cow digestion to a greater extent than other pentose 
bodies* 

6* Pentose bodies' are attacked by the bacterial flora 
of the cow^s Intestine^ but not to an extent to explain the 
full percentage of disappearance obtained* Since ^ however^ 
the Incubation period of these organisms Is not known, nor 
can they be e}q;)ected to accomplish In artificial culture 
what they might in the Intestine , It Is not safe to con«* 
ciade from these data that any other agency Is active In 
the disappearance of pentosans from the digestive tract • 

The well extabllshed fact of the production of fatty 
adds from pentosans by bacterial action would seem to 
Indicate that In a secondary manner at least the pentosans 
doubtless have a nutritional value, since such bodies would 
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be absorbed and oxidised with heat production. Whether 
bacteria render pentosans soluble by converting them into 
pentoses through encymic processes and thereby enable the 
animal to absorb a portion of these cannot be looked upon 
as established at present* 
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